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Background
Innovation
& Design
Process
U.S. Buildings Primary Energy and 
Expenditure End-Use Splits, 2002
Source: 2004 Buildings Energy Databook
Major Residential Energy End-uses
Space Heating
32%
Space Cooling
12%
Lighting
12%
Appliances
26%
Water 
Heating
13%
Other
5% 2
2
South U.S.
50%
50%
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Overview
THIS STUDY…
…analyzes
• Efficient building envelope
• Improved window system
• Efficient lighting and appliances
• Efficient air-conditioner and water heating systems
• to investigate
individual and combined energy saving potential
• to demonstrate
how energy savings are affected in different scenarios
• to determine
the maximum energy savings in the hot and humid climate.
Significance
Design decisions for most effective upgrades and trade-offs
in hot and humid climates.
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Literature
Parker et al. 2002
• Simulation and monitoring of test houses in Florida
• Energy-efficient building envelope systems and integrated PV
• 75% cooling energy use reduction
Chulsukon 2002
• Simulation of a residence inThailand
• Envelope upgrades
• 30% annual energy savings
Rassisuttha and Haberl 2004
• 20% savings from envelope and system upgrades
• 73% energy use reduction from solar thermal and PV
Christensen et al. 2005
• BEopt: software for identifying most cost-effective combination of strategies
• User selected predefined measures
Review
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Methodology
1. Development of the Basecase Simulation Model
2. Analysis of Energy Saving Measures 
3. Development of the 
Maximum Energy-Efficient House
4. Economic Analysis
DOE-2 Input 
File
DOE-2 
Include File
Parameters 
corresponding to the 
Building Properties 
to be Analyzed
Conclusions about Cost-Effective Measures
Annualized Life-Cycle 
Cost Analysis
Building Configuration
Roof & Wall Properties
Construction Types
Window Properties
Building 
Components 
Properties Analyzed
Aspect Ratio ■ One and Two-story
■ Exposure ■ R-value ■ Absorptance ■ Emittance
Construction Types ■ Thermal Mass ■ Insulation ■ Airtightness 
■ Overhangs ■ Window Distribution, ■ U-factor ■ SHGC
Basecase House 
Characteristics
• 2000 IECC
• Survey Data
• Assumptions
Basecase HouseMaximum Energy-Efficient House
Batch 
DOE-2 
Simulation
Potential Strategies applied to 
Different Building Configurations:
a) Individually
b) Incrementally
Results 
Energy-Efficient 
Improvements
• Available Measures
• Case-studies
• Optimized Combination
• Ability to be Simulated
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Basecase
BASECASE HOUSE
Single Family Detached House in Houston
with Typical Characteristics
2000 IECC
Minimum performance requirements for:
– Efficiency of building systems 
– R-values for walls and roof
– Window properties
Housing Survey Data
• NAHB
• U.S. Census Bureau
American Housing Survey 2002
– Most common building practices
– Size and configuration,
– Construction type
– System type
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Basecase
BASECASE HOUSE
General Characteristics
– 2500 ft2, 4 Bedroom + 2.5 Bath House 
– One-Story, Square-Shaped, South Facing
Construction
– Wood-Frame Construction 
– Slab-on-Grade Floor
– R-11 Wall Cavity Insulation
– R-30 Roof Insulation
Windows
– 18% of the Floor Area, Equal distribution
– Double-Pane, Air-Filled, Low-e Glazing 
– Aluminum Frame with Thermal Break
– No Shading
Lighting and Appliances
– Incandescent Lamps
– Conventional Home Appliances
HVAC and DHW System
– SEER-10 AC
– 0.78 AFUE Gas-Fired Furnace
– Ducts in the Conditioned Space
– Thermostat Setpoints: 
68ºF (Winter), 78ºF (Summer)
5ºF Setback and Setup
– 0.54 EF 40-Gallon Gas-fired Tank-type, with Pilot Ignition
N
U-factor = 0.47
SHGC = 0.4
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Strategies
Strategies Analyzed
Building Configuration
• 1:3 to 3:1 EW to NS Aspect Ratio 
• One-Story and Two-Story
Roof and Wall Properties
Combined Effect of:
• Exposure
• R-value
• Absorptance
• Emissivity
Construction Types
• 2x4 Wood-Frame @ 16” o.c. 
• 2x6 Wood-Frame @ 24” o.c.
• Structural Insulated Panels
• Insulated Concrete Forms
• Concrete-Filled Concrete Blocks
• Perlite-Filled Concrete Blocks
Fenestration Properties
Combined Effect of: 
• Overhang Depth
• Window Distribution on Four Sides
• Window U-Factor
• SHGC
1:3 EW to NS 3:1 EW to NS1:1 EW to NS (Basecase)
1:3 EW to NS 3:1 EW to NS:1 EW to NS
½” Gypsum 
Board
2 x 4 Stud @ 
16” o.c.
½” Plywood
3” Facia Brick
R-11 
Fiberglass 
Batt Insulation
½” Gypsum 
Board
8” x 8” x 16” 
Perlite Filled 
Concrete 
Blocks
2” EPS
3” Facia Brick
½” Gypsum 
Board
3-5/8’ EPS
7/16” OSB
3” Facia Brick
7/16” OSB
½” Gypsum 
Board
8” x 8” x 16” 
Concrete 
Filled 
Concrete 
Blocks
2” EPS
3” Facia Brick
½” Gypsum 
Board
6” Medium 
Weight 
Concrete2” EPS
3” Facia Brick
2” EPS
½” Gypsum 
Board
2 x 6 Stud @ 
24” o.c.
½” Plywood
3” Facia Brick
R-20 
Cellulose Fill 
Insulation
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Upgrades
Energy-Efficient Upgrades
Properties Basecase characteristics Energy-efficient Design Measures Increased Cost
$224,598
(Basecase)
Construction Wood frame construction Airtight SIP construction $2,207 
Ventilation No mechanical ventilation Energy recovery ventilator $1,099 
Roofing Asphalt shingles (a = 0.82) White fiber cement shingles (a = 0.23) $2,500 
Exterior wall Light buff brick (a = 0.55) White semi gloss paint (a = 0.25) ($1,150)
Glazing Double pane air-filled low-e (U=0.47, SHGC= 0.4)
Double clear argon-filled low-e 
(U = 0.29, SHGC = 0.28) $796 
Window 
frame
Al frames with thermal 
break Vinyl frame $1,405 
Shading No shading 4' overhangs on all sides $2,520 
Window 
distribution
Equal window area on all 
sides
75% on south, 15% on north, 5% on 
east and on west $0 
Lighting Incandescent lamps CFL with electronic ballast $252 
Refrigerator 660 kWh/yr 392 kWh/yr $250 
Freezer 900 kWh/yr 353 kWh/yr $230 
Dishwasher 696 kWh/yr 181 kWh/yr $649 
Clothes 
washer 816 kWh/yr 186 kWh/yr $350 
DHW system 40 gallon tank, pilot ignition (EF = 0.487)
Tankless, electronic ignition 
(EF = 0.85) $400 
Air-
conditioner 10 SEER 15 SEER $1,189 
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Economic
Annualized Life-Cycle Cost Analysis (ASHRAE 2003)
Direct costs
– First year cost
– Maintenance cost
– Replacement costs
– Annual energy cost
Economic factors
– Discount rate
– Mortgage rate
– Inflation rate
– Depreciation
– Income tax
– Property tax
Two approaches
– Individual application of measures
– Combined application of measures
to compare…
First Year Cost
Annual Energy Cost
Annualized Life Cycle Cost
= $224,598
= $100          
Based on the Cost and Life of System and Appliances
= $1,438 
(Elec. : $0.09/kWh, NG : $0.80/Therm, as of Oct. 2005)
= 4.00%
= 5.14%
= 2.80%
= 7.00%
= 5.00%
= 1.00%
Analysis
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B
asecase first year cost = 
$224,598
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$220,650 construction cost 
$3,948 for system
s and equipm
ent
Final first year cost = $237,294
($12,696 or 5.65%
 increase)
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asecase energy cost = 
$1,438/yr
E
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h 
N
G
 : $0.80/Therm
(as of O
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($803 or 55.8%
 reduction)
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Conclusions
Energy-Efficient Upgrades
: Less impact for houses with efficient systems.
: Maximum savings from airtight SIP construction.
: Large savings from roof improvements, especially in one-story house
Small savings from such improvements for exterior walls
: Largest savings  with 4’ overhangs and maximum windows on the south. 
: CFL was the most cost-effective measure. 
: Horizontal axis clothes washer was the most cost effective, 
followed by efficient refrigerator and freezer. 
: Largest savings from Instantaneous DHW system without a pilot light.
: High SEER air-conditioners produced significant savings. 
However, energy and cost savings diminished for high-efficiency house.
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Summary
Energy 
Savings
5.65%
Increased 
Cost
55%
Up to 55% energy savings could be achieved with 
5.65% increased cost of construction
from combined application of the analyzed energy saving measures.
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Follow-up Studies
• Similar analysis for 
other climates 
• Verification of simulation 
results with actual data 
? Amendments to 
building energy codes
? Towards zero energy homesFuture Plans
ESL-HH-06-07-26a 
 
Proceedings of the Fifteenth Symposium on Improving Buildling Systems in Hot and Humid Climates, Orlando, Florida, July 24-26, 2006
....
. ,..,-.
~ Cllm.I.Zones
.•--"" _ Zcrll~'Rlil!tI!lIIlMn2.(lOOCOOMCllJ'!lla'tMn7JJOOHDO.
IrJ[8rnatiom!l
ErJ8((JY
GOfJS8rwtiOrJ
God8
2UUU
Thank you!!
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